The encouragement of more mature epistemological beliefs is important to student achievement. This study is about epistemological beliefs of students who are enrolled in introductory electricity, magnetism and waves and their understanding of basic concepts of electric circuits. The students were divided into two groups -one with orientation and one without orientation. To determine the epistemological beliefs of students, the Maryland Physics Expectations Survey Instrument or (MPEX) was utilized. The Determining and Interpreting Resistive Electric Circuit Concepts Test (DIRECT) was utilized to establish the conceptual understanding of students and their misconceptions. The pretest-posttest method was employed in the study to find out the changes in the epistemological beliefs and understanding of students on basic concepts of electric circuits. Results showed that the level of understanding among students with orientation was more improved than the group without orientation. While the result showed a decline in students' overall epistemological beliefs, slight improvements in some dimensions were seen with different dimensions improved or became worse for the two groups. It further showed that repeatedly giving an orientation of experts' epistemological beliefs helped students develop more mature epistemological beliefs that may lead to better learning outcomes.
Introduction
Epistemological beliefs refer to beliefs on the nature and scope of knowledge and the manner that they can be acquired. They are called by several names such as epistemological views, posture, expectations, stances, attitudes, or assumptions. The relevance of epistemological beliefs to learning cannot be ignored. Students who believe that knowledge consists of pieces of ideas, that intelligence is unchanging, and that learning is quick, tend to evade difficulties by resorting to ineffective tactics and tend to show an inability to cope with problems. Students who view science as simply seeking to invent cures or devices to help people would be less likely to understand that scientific knowledge does not emerge solely from observation or description of a natural phenomenon (Qian & Alvermann, 2000) .
Students come to their physics class for the first time with a set of beliefs concerning what it means to learn physics and leave with those expectations either strengthened or changed. Studies of Songer and Linn (1991) have shown that holding epistemological beliefs close to those of experts may be a necessary condition for understanding physics. However, the transition towards a more mature epistemology or expectations may not be easy (Roth & Roychoudhury, 1994) .
Classroom instructions must not only be seen from the perspective of knowledge acquisition. They must promote an epistemology of science fully expressed as content of the lesson and as embedded implicitly in the methods and the enacted curriculum. To achieve this, Roth and Lucas (1997) replaced traditional approaches for teaching physics in favor of open-ended student investigations of problems of their design, discussions, and reflections on readings which questioned traditional assumptions of learning that students encountered through their physics texts. In the study of May and Etkina (2002) , students were made to write weekly reports about what they learned and how they learned while reflecting on the activities of the week both in the lecture and laboratory sessions.
It is believed that understanding is developed when students try to construct their own meanings of the knowledge that they learned (White & Gunstone, 1992) . Several studies showed that students of different levels hold multiple misconceptions of electric circuits Teresita D. Taganahan Changing Students' Epistemological Beliefs and Understanding of Basic Concepts on Electric Circuits (Jaakkola & Nurmi, 2008; Ates, 2005; Engelhardt & Beichner, 2004; Bilal & Erol, 2009; O'Dwyer, 2009; Velazco & Salinas, 2006) . Even teachers have conceptions that are far from acceptable (Mahapatra, 2006; Küçüközer & Demirci, 2008) . Common misconceptions include current being consumed, the source of constant current is the battery, and the tendency to interchange terms by assigning the properties of current either to voltage, resistance, energy or power (Engelhardt, 1997) .
In dealing with circuits, schematic diagrams are used to represent circuit elements. These diagrams are viewed as a pipe system within which flows a fluid which they refer to as electricity. The study by O'Dwyer (2009) revealed students' difficulty in identifying series and parallel connections in diagrams and in applying the concept of a complete circuit correctly. Misconceptions were also traced from the reasoning patterns used by the students. In the paper of Closset (1983) , students change their patterns of reasoning to suffice the question at hand using any of the three ways: sequential, local, or superposition. The sequential reasoning is used when students believe the current traveling around the circuit is being influenced by each element encountered and any change created at a particular point does not affect the magnitude of the current. The local reasoning is employed when current divides into two equal parts at every junction regardless of what is happening elsewhere. Reasoning by superposition is used when one believes that two batteries would make the bulb shine twice as bright as one battery would. Engelhardt and Beichner (2004) developed the Determining and Interpreting Resistive Electric Circuit Concepts Test (DIRECT) to evaluate students understanding of a variety of direct current (DC) resistive electric circuits concepts. The test was designed for high school and college or university students to determine common misconceptions and difficulties on electric circuits.
In this study, epistemological beliefs shall mean expectations about understanding the knowledge structure of physics and the process of learning it and not about the content of physics itself. The study puts to test the idea that by making epistemological issues important to students, teachers can help them develop more appropriate beliefs about what physics knowledge is and how it will be learned. By emphasizing the active role of learners in the construction of their knowledge and encouraging them to reflect on their learning, teachers allow their students to look and practice more effective learning strategies that will bring out greater understanding.
This study investigated the epistemological beliefs and conceptual understanding of basic concepts of electrical circuits among college students enrolled in introductory electricity, magnetism and waves course. Specifically, it determined the students' initial epistemological beliefs or expectations of electrical circuits. The study also examined the changes in students' epistemological beliefs and understanding after a semester course in electricity and magnetism when repeatedly told of experts' expectations. Moreover, this study explored the possible relation between the change of students' epistemological beliefs or expectation and their present level of understanding of the basic concepts of electric circuits. The focus of this paper was on DC circuits about which most students have more experience and exposure in everyday activities.
Materials and Methods
This study employed the pretest-posttest design to compare the epistemological beliefs or expectations on DC circuits of 188 college physics students enrolled in Electricity, Magnetism and Waves. The 188 students were divided into two groups, and only the experimental group (which is later called as "Group 1") was given the orientation about the beliefs and expectations of experts at the beginning of the semester and weekly after that. Orientation consisted of reminders on what to expect from the course and how experts tackle difficulties based on the MPEX instruments. Only this group was also required to write weekly reflections on questions about what they learned from the lecture and activities of the week and how they learned. The weekly reflections afforded them the chance to rethink what difficulties they have, what they did to solve these difficulties and if experts' ways mattered to them. The students' weekly reflections were recorded. However, this item was not included in assessing the epistemological belief measures due to the heavy workload of the teachers.
The 188 respondents to this study were enrolled in any of the six sections of Electricity, Magnetism and Waves course being offered Teresita D. Taganahan Changing Students' Epistemological Beliefs and Understanding of Basic Concepts on Electric Circuits during the semester. Three faculty members who handled the classes had two sections each. Of the two sections handled by a faculty member, one section belongs to Group 1 and the other section to Group 2. Group 1 had the orientation about sophisticated or more mature epistemological beliefs or beliefs similar to those of experts. Group 2, on the other hand, had no orientation about sophisticated epistemological beliefs. A total of 87 students were in the first group and 101 students in the second group.
Data were taken from two sets of tests: one set of epistemological beliefs or expectations and another on conceptual understanding of the concepts of DC circuits. All classes were given these tests before and after instructions were given on electric circuits.
The Maryland Physics Expectations (MPEX), developed by the Physics Education Research Group of the University of Maryland was used to investigate the distribution of students' epistemological beliefs or expectations of the course. This instrument is a 34-item test to which students agree or strongly agree by choosing 4 or 5, respectively, and counted as A. The students respond disagree or strongly disagree by selecting 1 or 2, respectively, and counted as D. By choosing 3, the student is not sure whether to agree or disagree with the statement. Student's response for each item was categorized as favorable if it agrees with the experts' views, unfavorable if it disagrees with experts' views or neutral. Both favorable and unfavorable responses of items that cluster for a particular dimension such as Independence, Coherence, Concepts, Reality Link and Effort, were then averaged for the class and group. The same thing was done for neutral responses. MPEX has clusters of items that probe six dimensions of expectations as listed in Table 1 .
Results of MPEX test were also exhibited with an A-D graph, as shown in Figure 1 . In this graph, the percentage of respondents in each group that answered favorably was plotted against a respond unfavorably. All points in the graph lie in the triangle bounded by the corners (0, 0), (0,100), (100, 0) since the fraction of students agreeing and disagreeing must add up to less than or equal to 100%. The distance from the diagonal line is the measure of the number of respondents who respond neutral or chose not to answer. The closer a point is to the upper left-hand corner of the allowed region, the better the group's agreement with the expert response. The DIRECT or Determining and Interpreting Resistive Electric Circuit Concepts Test, developed by Engelhardt and Beichner (2004) , was used to determine the conceptual understanding. This instrument is a 29-item multiple-choice diagnostic tool that provides information for instructors and researchers to evaluate the progress of students' understanding and the misconceptions they hold. Analysis of results is based on the correct answers of groups of items that correspond to objectives described in Table 2 .
To measure changes in students' level of understanding, the normal gain is obtained from the pretest-posttest results as shown below:
where g is the normalized gain whose value ranges from 0 (posttest average = pretest average, no gain or no learning) to 1 (posttest average = 100, perfect gain or perfect learning). (2) Understand the functional two-endedness of circuit elements (elements have two possible points with which to make a connection) 9, 18
(3) Identify a complete circuit and understand the necessity of a complete circuit for current to flow in the steady state (some charges are in motion but their velocities at any location are not changing, and there is no accumulation of excess charge anywhere in the circuit) (1-3) Combined 27 (4)
Apply the concept of resistance (the hindrance to the flow of charges in a circuit) including that resistance is a property of the object (geometry of object and type of material with which the object is composed) and that in series the resistance increases as more elements are added and in parallel the resistance decreases as more elements are added.
5, 14, 23
(5) Interpret pictures and diagrams of a variety of circuits including series, parallel, and combinations of the two 4, 13, 22
Energy (Objective 6-7) (6) Apply the concept of power ~work done per unit time to a variety of circuits 2, 12
(7) Apply a conceptual understanding of conservation of energy including Kirchhoff's loop rule (ΣV = 0 around a closed loop) and the battery as a source of energy.
3, 21
Current (Objective 8-9) (8) Understand and apply conservation of current (conservation of charge in the steady state) to a variety of circuits.
8, 17
(9) Explain the microscopic aspects of current flow in a circuit through the use of electrostatic terms such as electric field, potential differences, and the interaction of forces on charged particles 1, 11, 20
Potential Difference (Voltage) (Objective 10-11) (10) Apply the knowledge that the amount of current is influenced by the potential difference maintained by the battery and resistance in the circuit.
7, 16, 25
(11) Apply the concept of potential difference to a variety of circuits including the knowledge that the potential difference in a series circuit sums while in a parallel circuit it remains the same. 
Results and Discussion

Students' initial epistemological beliefs/expectations based on MPEX
The MPEX survey data gathered from the two groups are shown in Table 3 . The overall survey of students in both groups indicated that students held opposing views from the experts, agreeing with the experts' views 32% -44% of the time only and disagreeing with experts 33% -37% of the time. They showed a low initial favorable response on the cluster of items for dimensions: coherence, concept, independence, and mathematics. All groups showed a high initial favorable response on items referring to clusters: reality and effort. The same results were found in the study of Taganahan (2005) . However, in the experiment of Redish et al. (1998) , the concept cluster was particularly low while reality cluster was high.
The pre-survey results showed there was no significant difference in the two groups and all six sections. The A-D graphs indicated that most students were unable to perceive the coherence of physics knowledge and failed to see the connections and underlying principles of the course. There was an indication that they viewed physics problems as calculations of numeric values using equations, but failed to see physical connections of physics concepts and principles in the equations. Another naive stance was the tendency to depend on authorities (teacher, text) without evaluation. On the other hand, the high initial favorable response in reality may mean that many students feel that their personal real-world experience is relevant for their physics course and vice versa. Another high favorable response is on effort, by thinking that one should make an effort to use the available information and to make sense out of it.
Students' initial understanding of basic concepts on electrical circuits
Initially, students of both groups have common difficulties and understanding of basic concepts of electrical circuits. Interpretation of DIRECT (Table 4) showed their difficulty on applying the concept of power, applying the concept of resistance and resistivity to a variety of circuits, and explaining the microscopic aspects of current in a circuit through the use of electrostatic terms such as the electric field, potential differences, and the interaction of forces on charged particles. On the other hand, items pertaining to the following objectives were relatively easier: a) identify and explain a short circuit (more current follows the path of lesser resistance), understand the functional two-endedness of circuit elements (elements have two possible points with which to make a connection), and identify a complete circuit and understand the necessity of a complete circuit for current to flow in the steady state (some charges are in motion but their velocities at any location are not changing and there is no accumulation of excess charge anywhere in the circuit); and b) apply a conceptual understanding of conservation of energy including Kirchhoff's loop rule (ΣV = 0 around a closed loop) and the battery as a source of energy. The overall observation could mean that students are quite familiar with the physical aspects of DC circuits but are confused with concepts related to them such as power, electric field, potential differences, and forces of interaction on charged particles.
Changes in students' epistemological beliefs/expectations after instructions
The overall MPEX post-survey and pre-survey are compared in Table 5 . Changes in expectations are reported from the changes in the favorable responses. Based on the data, it was observed that more students now agree with experts for those classes where orientation was given than those classes without orientation in the overall results and almost all of their expectations. It was also found that after one semester of instruction in electricity, magnetism and waves, the overall performance of classes slightly improved except for the class of Teacher 1 (T1) without orientation. The relatively bigger changes occurred in the classes of T1 with orientation followed by the class of T3 with orientation. The overall results in the classes with orientation showed an increase in the number of those who agreed with the experts and accompanied by a slight decrease in the number of those who have unfavorable views. For the classes without orientation, the favorable responses either increase or decrease accompanied by an increase in the number of unfavorable response. It was also revealed that except for T3 with orientation, all classes showed slight improvements in the clusters independence and concept while most classes showed deterioration in reality. The greatest improvement was found in T2 without orientation, particularly in the cluster mathematics. Results further revealed that all classes showed slight to moderate deterioration in cluster effort. The results are similar to the study of Redish et al. (1998) wherein the students manifested deterioration in the effort cluster which Redish interpreted as students felt that they did not put in as much effort as they had expected to put in at the beginning of the semester. By taking the students' individual responses to MPEX, the mean values for the six dimensions were obtained from the posttest (Table 6 ).
The MPEX posttest results indicated that both groups were still holding naive beliefs, meaning in disagreement with experts in independence, coherence, concept and mathematics, while becoming more mature (in agreement with experts) in their beliefs of reality and effort. The expectations of students with orientation were observed to have declined in all clusters and on their overall expectations. On the other hand, a slight increase was seen in most clusters of the expectations of students without orientation and very slight deterioration in their expectations of mathematics and reality. Comparing means of overall results and individual clusters showed no significant difference between groups (Table 7) . 
Changes in students' understanding of basic concepts on electrical circuits after instructions
No significant difference between average scores of two groups in the posttest was found (Table 8) . However, the group with the orientation had greater normal gains in the conceptual test than the group without orientation. Most students in five out of the six classes can tell when one has a short circuit and understand the role of the circuit in series and parallel. There was improved understanding of the idea of charge conservation. The difficulty in understanding power when applied in various circuits persists.
Relation between the change in students' epistemological beliefs and their present level of understanding of basic concepts on electric circuits
Correlation between the overall MPEX post-survey and the DIRECT posttest found negative correlations between all dimensions of expectations and present understanding of electric circuits among students without orientation (Table 9a ). In spite of this, only the correlation between the expectations on independence and understanding of electric circuits for the students without orientation was found statistically significant (r = -0.254 at p <0.01). The students without orientation and who believed that they have to rely on authority (teachers, books) tend to score better in the electric circuits exam. It could also mean that they do not need to analyze and evaluate the course material to understand electric circuits. Some of these students would consider questioning the authority a waste of time.
On the other hand, positive correlations were found between expectations on concept and effort with present understanding of electric circuits among students with orientation (Table 9b) . However, only expectations on effort correlate significantly with their understanding (r =0.260 at p< 0.05). Those students who are given the orientation about experts' epistemological beliefs and who believed that they have to exert effort to succeed tend to score better and have better understanding about electric circuits. Some of these students also tend to believe that concept knowledge matters in obtaining relations and constructing their understanding of physics principles. As a whole, all dimensions of expectations correlate negatively with gain scores in DIRECT, but none of these was significant. The result goes to show that the dimensions of expectations could develop in a course independently, and different groups develop varied beliefs along the coursework.
Conclusion and Recommendations
The initial overall MPEX results found both groups to have more mature epistemological beliefs on reality and effort which closely agree with experts' views, but at the same time have naive epistemological beliefs on independence, coherence, concept and mathematics which are not in agreement with experts. After one semester of instructions in electricity, magnetism and wave, the students' epistemological beliefs declined. In spite of the decline of the overall results, slight changes in some dimensions were seen with different dimensions improved or became worse for the two groups. Students' level of understanding of electrical circuits improved but held some of the old difficulties. The class performance of the group with orientation about experts' views was slightly more improved than the group without orientation. For students with orientation, their present understanding of electric circuits improved when they exerted more effort. Students not given orientation and who believed that they have to rely on their teachers and books without evaluation tend to have better understanding of electric circuits. This study showed that giving the students orientation about experts' beliefs could develop more mature expectations which helped them improve in their understanding and learning. On the other hand, students without orientation had to cope by relying on the provisions of the authority.
Epistemological beliefs are somehow quite difficult to measure. Through the use of other measures such as journal reporting and interviews, it is possible to have more dimensions improved or get worse. Furthermore, a program or curriculum that is more interactive and constructive in approach and implicitly expresses more mature views of physics and how knowledge is acquired may help in the development of a more mature epistemological belief which leads to a better understanding of physics, in general. Other ways of measuring these beliefs may allow the researcher to look more closely at what students think what they know and how they know about these. Students' epistemological beliefs measure shall be done in all physics classes before and after instruction to help instructors view and ascertain the development of these expectations alongside with the measures of knowledge development. 
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